Introduction: Analysis of modern military conflicts suggests that airway compromise remains the second leading cause of preventable death of combat fatalities. This study compares outcomes of combat casualties that received prehospital airway interventions, specifically bag valve mask (BVM) ventilation, cricothyrotomy, and supraglottic airway (SGA) placement. The goal is to compare the effectiveness of airway management strategies used in the military pre-hospital setting. Methods: This retrospective chart review of 1267 US Army medical evacuation patient care records, compared outcomes of casualties that received prehospital advanced airway interventions. The patients consisted of US military injured in Operation Enduring Freedom January 2011-March 2014. Compared outcomes consisted of vent-, ICU-, and hospital-free days. Results: Those with SGA placement experienced fewer vent-free days, ICU-free days, and hospital-free days compared to BVM and cricothyrotomy patients. The groups did not significantly differ in rates of 30-day survival. The odds for survival were not significantly higher for BVM versus SGA patients (OR 1.5, 95% CI 0.2-9.8), cricothyrotomy versus SGA patients (OR 3.9, 95% CI 0.6-24.9), or cricothyrotomy versus BVM patients (OR 2.7, 95% CI 0.5-13.8) in a logistic regression model adjusting for GCS. Conclusion: This study supports prehospital BVM ventilation as a possible alternative to cricothyrotomy as there was no difference in measured outcomes between the groups. It further cautions against SGA use in the prehospital combat setting due to higher morbidity demonstrated by fewer ventilator, hospital, and ICU free days than those receiving cricothyrotomy or BVM ventilation. There was no difference in 30-day survival between the groups.
Introduction
Airway management is a potentially life-saving intervention in the resuscitation of critically ill trauma patients. Prehospital interventions to provide adequate ventilation and oxygenation in trauma patients have been linked to increased survival to hospital discharge [1, 2] . In the combat setting, airway compromise is the second leading cause of preventable death after hemorrhage [3] . Combat medics can perform several prehospital lifesaving interventions to manage casualty airways; including cricothyrotomy, bag-valve-mask (BVM) ventilation, and supraglottic airway (SGA) placement. Despite multiple airway management options, the optimal prehospital airway intervention in the combat setting has not been well defined.
Although endotracheal intubation (ETI) and cricothyrotomy are a definitive means of securing an airway, the impact of these interventions on mortality in the prehospital trauma setting is debatable. Several studies have suggested an increased risk of adverse outcomes associated with prehospital intubation and support the use of BVM ventilation as an adequate airway management strategy for prehospital trauma patients [4, 5] . Few studies describe the effects of the type of prehospital airway intervention on morbidity and mortality in the combat injured.
We aimed to compare outcomes and 30-day survival between patients receiving cricothyrotomy, BVM, and SGA interventions in the prehospital combat setting.
Methods
Our study was approved by the United States (US) Army Medical Research and Material Command Institutional Review Board. We conducted a retrospective review of medical evacuation (MEDEVAC) patient The current study dataset (n = 1267) was obtained from a previous study that included MEDEVAC patient information from point of injury to arrival at the first military treatment facility (MTF) [6] . Data points included demographics, injury description, Glasgow Coma Scale (GCS) scores, provider type, procedures, medications administered, clinical events, analgesics administered, and survival. Missing or unavailable data were reconciled using the Theater Medical Data System. We obtained clinical outcome data from the Department of Defense Trauma Registry (DoDTR), to include vital signs, complications, ventilator days, intensive care unit (ICU) days, hospital days, and mortality up to 30 days. The Joint Trauma System manages the DoDTR along with the trained coders and medical staff that review medical records to abstract ICD-9 codes. Coders assign abbreviated injury scale (AIS) and military injury severity scores (ISSs) to patient records using available documentation and ICD-9 codes. ISS may not be determined in the event of inadequate documentation and missing ICD-9 codes, particularly in fatal outcomes [7, 8] . A quality assurance process was implemented to ensure consistency among abstractors to include secondary review of 100% of records.
Statistical analysis
We conducted a review of patients who received airway interventions prior to MTF arrival and compared outcomes among airway types. Ventilator-free, ICU-free, and hospital-free days were defined as the number of days from injury (day 1) to day 30 on which the patient did not require a ventilator, was not in the ICU, and was not in the hospital; patients who did not survive were assigned a score of 0 [9] . This allowed us to compare all patients for the same time frame and account for mortality in the same endpoint. Data were reported as either count and percentages or mean ± standard deviation (SD) and median [interquartile range (IQR)]. Due to the small number of observations in each group, primary analyses were limited to univariable group comparisons. Analyses for categorical data were performed using the chi-square test or Fisher's Exact test for small counts. Following Shapiro-Wilks test for normality, continuous variables were analyzed using nonparametric tests (Wilcoxon or Kruskal-Wallis test). We also used logistic regression to determine odds for survival while adjusting for GCS (military ISS was not used as a covariate due to missing data). Statistical analyses were performed with SAS JMP Version 13 (SAS Institute Inc., Cary, NC). Statistical significance was defined as p b 0.05.
Results
We reviewed the data of 1267 MEDEVAC patients (98% males, average age = 25 ± 5 years), of which 617 required some form of airway intervention prior to MTF arrival. Interventions included nasal/oral airway (n = 535), ETI (n = 4), BVM (n = 28), SGA (n = 22), and surgical cricothyrotomy (n = 28). Most (77%) of these procedures were performed by military medics (Table 1) .
Patients receiving airway intervention were less likely to present with a head injury and more likely to have a higher military injury severity score and a GCS score of 3 (coma) ( Table 2) . Patients who received an airway intervention also had fewer ICU-free days, hospitalfree days, and lower rates of survival relative to non-airway patients.
Comparisons were made between the advanced airway procedures (i.e., BVM, SGA, and cricothyrotomy; endotracheal intubations were excluded due to low sample size) ( Table 3 ). The three groups did not differ on head injury or face injury. Over half of all patients were completely unresponsive, and nearly half of all patients had an airway placed while in cardiac arrest. Patients who received a surgical cricothyrotomy had a higher military ISS than SGA patients, whereas BVM patients did not significantly differ from the other groups. Though, it should be noted that military ISS values are missing for 17 of the 22 SGA patients, 12 of the 28 BVM patients, and 15 of the 28 cricothyrotomy patients. Those with SGA placed experienced fewer vent-free days, ICU-free days, and hospital-free days compared to BVM and cricothyrotomy patients, though the groups did not significantly differ in survival rates. Further, no difference in the odds for survival existed for BVM vs. SGA patients (OR 1.5, 95% CI 0.2-9.8), or cricothyrotomy vs. SGA patients (OR 3.9, 95% CI 0.6-24.9) in a logistic regression model adjusting for GCS.
Discussion
In our study, we found that patients who received cricothyrotomy or BVM ventilation had greater ventilator, hospital, and ICU free days, as compared to those receiving a SGA; however, there was no difference in survival between any of the three studied groups. To our knowledge, this is the first study of its kind to directly compare outcomes regarding SGA, BVM, and cricothyrotomy prehospital interventions for battlefield casualties.
The lack of survival difference between the three groups was an unexpected finding, yet overall survival of those receiving cricothyrotomy was 43%, which is comparable to a prior study (demonstrating a 50% survival) of prehospital combat patients [10] . Tactical Combat Casualty Care guidelines list cricothyrotomy as the primary means of establishing a definitive airway in the combat setting [11] , yet our data supports BVM ventilation as a possible alternative, as there was no difference in measured outcomes between the groups. Civilian studies further support the use of BVM over less invasive prehospital airway interventions. In a large study of civilian trauma patients, Cobas found no survival difference between those who were properly intubated in the prehospital setting and those who were not [4] , making BVM ventilation an attractive alternative to more invasive means of oxygenation and ventilation. Another notable finding of our study was the poor outcome of those casualties who received SGAs despite higher military ISS values in the other two groups. This difference in outcomes must be taken lightly since, as before stated, most of the available SGA data were missing ISS scores.
Combat medics have limited resources and equipment, are not trained in rapid sequence intubation (RSI), and do not carry paralytics [12, 13] . Safe placement of an SGA requires the patient be medically sedated and/or, or have a low GCS. Placement of an SGA in a conscious patient will create a noxious stimuli and stimulate a gag reflex that can induce vomiting, potentially leading to aspiration, hypoxia and poor outcomes. This echoes the concerns that Mabry raised in 2011 regarding the growing popularity of SGAs in the military population as an alternative to cricothyrotomy and ETI [12] . Mabry noted that SGAs were designed for use in cardiac arrest patients, elective surgical cases of inpatients fasting sedated patients, and as a backup to ETI in the failed RSI scenario, and have questionable utility on the battlefield.
The majority of SGA patients in our study experienced hemorrhagic shock induced cardiac arrest with SGA placed after arrest. Since the underlying cause of arrest in these patients is a lack of blood due to hemorrhage, there is no reason to suspect placement of an SGA will improve outcomes. Given military medics medical supplies are limited to what they are able to carry into the prehospital environment or carry in space limited ground vehicles and helicopters, future research should evaluate if the space consumed by SGAs should be reserved for equipment which has shown greater effectiveness in preventing combat mortality (tourniquets, blood products, Tranexamic acid, cricothyrotomy devices, etc.). Furthermore, critical time spent placing an SGA may be more effectively used to administer potentially life-saving interventions, or administer care to other patients with potentially survivable injuries. Further studies should focus on alternative airway interventions in the combat setting. It would be beneficial to perform prospective studies evaluating the use of various airway interventions in combat casualties, thereby eliminating many of the study limitations.
Limitations
The study is retrospective because of the logistical and ethical complexities of performing prospective combat MEDEVAC research. Although our study demonstrates worse outcomes for those patients receiving SGAs as compared to cricothyrotomy and BVM, we cannot assert causality. This conclusion is further limited by missing data from the MEDEVAC record due to a lack of documentation by the en route care teams, compounded by a lack of a standardized Department of Defense MEDEVAC chart used during the study period. Despite this, the differences in ISS scores did reach statistical significance. Our study was also limited by small sample sizes. Although the studied groups were small, all three were similar in size and characteristics demonstrated by GCS, and head and face injuries. Finally, this study focuses on military trauma patients and results may not be generalizable to the civilian community.
Conclusions
Our study on prehospital airway management of combat casualties demonstrated that SGA patients had higher morbidity demonstrated by fewer ventilator, hospital, and ICU free days than those receiving cricothyrotomy or BVM ventilation. There was no difference in survival between the airway groups. 
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